Background: Parents' knowledge of and attitudes toward concussions are often vital factors that affect care for injured adolescent athletes. It is important to understand the role that parents' personal experiences with concussions play with regard to current concussion knowledge and attitudes so that clinicians may tailor their educational approaches.
; however, it is unknown whether it is truly an increase in the number of injuries or an increase in those reporting injuries, as nondisclosure of a concussion is a reported issue within athletics. 16, 21 Another possible reason for the increase in concussions may be the presence of on-site medical providers who are trained to recognize and evaluate such injuries. Without proper disclosure of concussion-related symptoms by athletes, it is difficult to effectively diagnose, manage, and treat these injuries.
Because concussions are primarily a functional injury, which infrequently result in structural damage to the brain as visible through currently available neuroimaging modalities, they are diagnosed primarily by the presence of symptoms. These symptoms are commonly assessed subjectively through patient reporting; however, in early adolescents (ages 8-12 years), it may be difficult to gauge a child's understanding of the symptoms because of misunderstandings with the terminology as well as symptom overlap with other abnormalities that may not be specific to a concussion. 3, 14 Therefore, it is advocated that the parent be included as an integral part of the concussion evaluation process as a supplement to not only how the patient feels but also how he or she acts in the home environment. 6 Previous reports have suggested that the greatest influence on child care-seeking behavior is parental involvement. 27 Common themes relating to parental influence include discrepancies in the parent's versus child's perception of illness severity as well as the parent's wanting to do what is best for the child. 8, 18 Parents are often the source of careseeking for their child after a concussion. Therefore, they play a vital role in the management of sport-related concussions, from initial recognition and response through to recovery. Parents have the ability to provide insight to those providing care about their child's demeanor and functioning before and after the injury 6 and may supplement and/or verify the child's description. As such, concussion education targeted toward parents may be important to ensure appropriate recognition of the injury. In a sample of youth rugby players, most parents stated that they were able to recognize a potential concussive injury in their teenager, with nearly all being aware of the consequences of playing through a concussion; however, only half were actually aware of the return-to-play guidelines to be followed after the injury. 25 Stevens et al 24 observed that parents reported their child as asymptomatic despite he or she having postconcussive symptoms. Therefore, even though parents may be able to provide insight into injury recognition, they should not replace the athlete's self-report and the authority of medical personnel regarding concussion recognition and management.
Many organizations have attempted to target education for parents regarding the signs and symptoms of a concussion along with red flags that would warrant the immediate referral to a medical professional. 12 Without proper knowledge, parents may be less inclined to seek appropriate care for their child and therefore be more susceptible to negative outcomes of an injury. Parents' reports of their child's symptoms are often used to supplement the selfreports of young athletes. 2, 6 As such, parental attitudes toward a concussive injury are of great importance. If attitudes are negative, or hesitant to disclosure, they may be less inclined to report their child's symptoms or be cognizant of the injury occurring. Specific components of positive versus negative attitudes are listed in Table 1 . These attitudes and parental knowledge may also be influenced by previous experiences of concussions through their own experience or that of their child. The purpose of this study was to determine if there was an association between parents' own personal experience of suffering a concussion or their child suffering a concussion and their knowledge and attitudes toward concussions. By identifying this link, clinicians can better target parents needing supplemental information. We hypothesized that parents who have prior exposure to concussion symptoms, through either their own or their child's experience, would have better knowledge and more positive attitudes, indicating disclosure as a priority, of concussive injuries than those who have never experienced concussion-related symptoms. We further hypothesized that such prior experience of the vestibular-somatic and cognitive-sensory concussion-related symptom clusters may influence parental concussionrelated knowledge and attitudes. † Address correspondence to Johna K. Register-Mihalik, PhD, LAT, ATC, University of North Carolina at Chapel Hill, 209 Fetzer Hall, CB#8700, Chapel Hill, NC 27599, USA (email: johnakay@email.unc.edu). 
METHODS
Institutional review board approval was attained before commencement of this study. A convenience sample of 234 youth sport parents (82 male, 144 female, 8 unreported) participated in this study. Cross-sectional surveys were distributed to parents in attendance at an educational meeting as part of a larger study aimed at exploring concussion education. This survey aimed to identify parental knowledge and attitudes regarding the recognition and response to concussions. The study sample included parents from North Carolina and Arizona, representing 3 middle schools and 21 youth sport teams (including football, boys' and girls' soccer, boys' and girls' basketball, boys' and girls' ice hockey, boys' lacrosse, and baseball). Parent participants were between the ages of 19 and 68 years (mean age, 44.0 ± 6.3 years). Demographics for participants in this study are listed in Table 2 . The survey was piloted and assessed for content validity on 19 youth sport parents before commencement of the study. The survey (see the Appendix) was modified from one that had previously been used. 20, 21 Internal consistency was acceptable for both the knowledge and attitude constructs, with Cronbach alpha beyond .70. The research team presented the study, approved consenting participants, and distributed the surveys to and collected the surveys from parents at preseason parent meetings. The survey took approximately 15 to 20 minutes to complete.
Descriptive statistics were calculated to summarize concussion knowledge and attitude questions and total scores. Parental concussion knowledge was assessed through a series of 29 questions, with a total score calculated by summing the number answered correctly. The higher the score, the better the knowledge of concussions (possible range, 0-29). Attitudes were assessed with a 7-item questionnaire, which was scored by summing the number of favorable/correct responses. Higher scores indicated a more favorable attitude (see Table 1 ) toward the need for concussion education, reporting, and treatment (possible range, 7-49).
Symptoms were grouped into 4 clusters for the parents' and child's experiences: vestibular-somatic, affective, sleep-arousal, and cognitive-sensory. 10 These clusters were modified based on the literature of protracted symptom recovery 11 as well as the ease of understanding. The specific symptoms that fall into each category are provided in Table 3 . The total number of symptoms that each parent endorsed as having either experienced himself or herself (parents' symptom report) or experienced by their child (child's symptom report) was summed respectively to calculate each symptom cluster score (8 total: 4 parent, 4 child). To examine the association between each individual symptom cluster and the outcome variables of interest (knowledge and attitude totals), correlations (Spearman rank) were performed because of the nonnormal distribution of data. Symptom clusters were also used to create a multivariate model for parents' experience, and an independent multivariate model for the child's experience, on parental knowledge and attitudes of concussions. Data were analyzed in their entirety using an alpha level of .05 (set a priori) with SAS 9.4 software (SAS Institute). 
Becoming more emotional or irritable
a Data are shown as n (%) of participants reporting the symptom from a total sample experiencing a diagnosed concussion or symptoms of a concussion unless otherwise indicated.
b Mean ± SD number of symptoms within the cluster experienced by the parent or child.
RESULTS

Concussion Knowledge and Attitudes
Overall, parents showed moderate concussion-related knowledge (23.3 ± 2.5 of 29) but high (positive) attitudes (46.3 ± 3.7 of 49). For knowledge, incorrect answers consisted of both errors of omission (concussion-related symptoms not identified as such) and errors of commission (inaccurately responding that a nonconcussion symptom is associated with a concussion). The concussion symptoms most often omitted by participants included numbness or tingling in the arms (27.5% incorrect), nausea/feeling sick (15.7% incorrect), and trouble sleeping (10.3% incorrect). The symptoms most often improperly reported as being concussion related included chest pain (68.1% incorrect), bleeding from the mouth (56.9% incorrect), and having a black eye (47.9% incorrect). It is important to note that participants often seemed to overestimate the effects of a concussion, having more commission than omission errors. Headache and loss of consciousness were the most common correctly identified symptoms (97.6% correct), followed closely by dizziness (96.7% correct) ( Table 4) .
The attitude variables with the largest differences in their responses included the amount of attention currently placed on concussions in sport (6.0 ± 1.6; range, 1-7) and how serious parents think a headache or dizziness is after a blow to the head or body (6.3 ± 1.0; range, 3-7). Variables with the most protective attitudes (see Table 1 ) included the importance of reporting possible concussion symptoms to someone in authority (6.9 ± 0.4; range, 5-7) and the importance of knowing the steps to follow once a concussion occurs (6.9 ± 0.4; range, 5-7) ( Table 5 ).
Symptom Clusters
Separate clusters were formed from all possible symptoms experienced by both the parent and the child. The specific symptoms within each cluster and their respective incidence can be found in Table 3 . For parents' symptom reports, the vestibular-somatic symptom cluster had the widest potential range of 0 to 9, with parents experiencing a mean of 1.60 ± 2.33 symptoms at some point during their life. The cognitive-sensory symptom cluster had a potential range of 0 to 3, with the parent experiencing a mean of 0.55 ± 0.98 symptoms related to cognition. The sleep-arousal and affective symptom clusters each had a range of 0 to 1, with the parent experiencing a mean of 0.06 ± 0.24 and 0.07 ± 0.26 symptoms, respectively. The same symptoms comprised the child's symptom reports. Parents reported the following mean values for each symptom cluster for their child: vestibular-somatic (0.54 ± 1.26), cognitive-sensory (0.19 ± 0.62), sleep-arousal (0.01 ± 0.11), and affective (0.03 ± 0.18).
Associations Between Symptom Clusters and Outcomes
A series of bivariate Spearman rank correlations revealed 3 statistically significant relationships, despite weak correlations: parents' sleep-arousal cluster and attitudes (r ¼ 0.22, P ¼ .002, r 2 ¼ 0.048), child's sleep-arousal cluster and knowledge (r ¼ 0.15, P ¼ .041, r 2 ¼ 0.023), and child's vestibular-somatic cluster and knowledge (r ¼ 0.17, P ¼ .020, r 2 ¼ 0.020). For parents, the experience of sleeparousal symptoms was associated with their total attitude score. Total parental knowledge was associated with their child's experience of both the sleep-arousal and vestibularsomatic symptom clusters. All other relationships were not statistically significant (Table 6 ). Multivariate regression models were then conducted to explore these relationships while controlling for multiple comparisons.
Multivariate Regression Models
To examine the effects of experienced symptom cluster scores on the 2 outcomes of interest (attitudes and knowledge), separate multiple regression models were conducted, predicting each outcome of interest (total parental knowledge score or total attitude score) from either the child's symptom cluster or parents' symptom cluster total scores. In each of the 4 models, all symptom clusters were included as explanatory variables. These variables were kept separate because of the potential independent effects of each cluster. Within the 2 multivariate models testing the effects of the parents' past symptom experience on concussion knowledge and attitudes, respectively, only parents' experience of sleep-arousal concussion symptoms emerged as a significant predictor of the total parental attitude score (b ¼ -3.301, P ¼ .011) ( Table 6 ). This indicates that parents who have experienced sleep-arousalrelated symptoms also have better attitudes toward concussions. Within the 2 multivariate models for the child's experience of symptom clusters, only the child's experience of vestibular-somatic-related concussion symptoms had a significant effect on the total parental knowledge score (b ¼ 0.540, P ¼ .012) ( Table 6 ).
DISCUSSION
Nearly double the number of parents, compared with their children, reported experiencing concussion-related symptoms during their lifetime. The primary reason for this is likely that parents have had more time to accumulate a concussion history. However, the difference in reports may also be overestimated because of the lack of reporting from the young athletes. 20 Many of the young athletes in this 3. How important do you think it is to be informed about how concussions happen? 4-7 (not to very important) 6.7 ± 0.7 4. How important do you think it is to be informed about how concussions can be prevented? 3-7 (not to very important) 6.8 ± 0.6 5. How important do you think it is to know the steps to follow if an athlete has a concussion? 4-7 (not to very important) 6.9 ± 0.4 6. How important is it for an athlete to report possible concussion symptoms to a medical professional or coach?
5-7 (not to very important) 6.9 ± 0.4 7. Currently, there is too much attention and focus on concussions in sports. 1-7 (disagree to strongly agree) 6.0 ± 1.6 sample may also have not yet experienced a concussive injury, which thus may influence the knowledge and attitudes of the parent. This is important, as parents may learn and absorb concussion education most effectively after a concussion has been experienced in some capacity. Recent research highlights that athletes with a concussion history have been found to have more negative attitudes, lessening their likelihood of concussion disclosure, but no significant effect has been found related to concussionrelated knowledge. 22 No studies prior to ours have examined this relationship in parents. As these are parents of youth athletes (not high school age), they are often not exposed to concussion education through the school environment (as in secondary school); therefore, clinicians should be engaged in concussion education with this population in conjunction with coaches to support and promote its inclusion.
Another reason for higher parents' self-reports may include the types of symptoms assessed through common symptom scales. Some current symptom scales, such as the Acute Concussion Evaluation, 5 have been shown to be less valid in younger populations because of the terminology used to describe the symptoms. 6 Parents may not have recognized their child's concussion presentation because of their child complaining of symptoms not directly listed on the survey (even if they were similar) as well as the injury's often not presenting an outward appearance. 17 Therefore, without the child complaining of symptoms, the parent may not know that an injury occurred. This is supported in the literature related to other injuries. For example, in a study by Brudvik et al, 2 parents' perceptions of their child's injury only moderately correlated with their child's self-report. Parents have been found to both underestimate and overestimate the amount of pain that their child was in for a variety of diagnoses. 19, 23, 26 The current literature suggests that parents and athletes have difficulty identifying concussion symptoms within themselves, and parents may underestimate the number of symptoms that their child is experiencing, 4 while children do not feel that symptoms are a reason to stop participation when they are not severe or burdensome. 3 Parental knowledge encompassed the ability to identify signs and symptoms of a concussion as well as distractors that are not actually signs/symptoms or consequences of a concussion. Parents most commonly correctly identified vestibular-somatic and cognitive-sensory symptoms including headache, blacking out, dizziness, trouble understanding, and trouble remembering. This is consistent with previous literature stating that physical signs of an injury are the most commonly recognized by parents. 15 It is also important to note that headache and dizziness were the 2 symptoms most commonly experienced by participants, potentially indicating a link (although not found to be statistically significant) between personal experience and knowledge on an item-specific level. These physical signs of an injury are also most often focused on in concussion education provided by clinicians. Nearly all participants were also able to identify that a concussion can occur without a loss of consciousness. This is evidence of a knowledge shift, as years ago, this was a common misconception of concussive injuries. 9, 13 Despite this increased knowledge, the consequences of suffering a concussion are still less known. Therefore, clinicians should discuss potential long-term implications (eg, depression and mood disorders, memory problems, persistent symptoms, and the potential for repeat injuries) that may occur if the injury is not managed and treated properly. Such concussion education efforts should be made at all levels and should include coaches, parents, and athletes themselves. 17 Overall, the diversity of responses related to concussion attitudes was minimal, indicating that participants may have positive attitudes around the constructs examined or simply "know" the right answer and how they should respond to a concussive injury. This finding is consistent with other studies showing that attitudes are typically more favorable on self-reported surveys, indicating that participants would do the right thing. 12 Parents agreed that it is important to be informed of how concussions happen, how they can be prevented, the steps to follow once a concussion occurs, and the role of disclosure; however, participants had less agreement on actions that would reflect these attitudes, such as removing someone from play or thinking the amount of attention placed on concussions in sports is too high. These attitudes could potentially lead to risky parental decision making related to concussions, particularly within youth sports. If the coaches and/or parents have poor attitudes toward follow-through on these injuries, youth athletes may not be getting the proper care to avoid negative outcomes after an injury. They also have a risk of dismissing symptoms that a child is self-reporting by thinking that there is too much attention placed on concussions within sport.
Although our initial hypothesis posited that personal experience (via self or child) of particular concussionrelated symptom clusters would influence parental knowledge and attitudes, the findings of this study do not fully support this hypothesis. Despite several statistically significant correlations, there were no clinically meaningful relationships. There was a weak positive correlation between the parents' experience of sleep-arousal symptoms and better attitudes toward concussions. One of the potential reasons for this relationship is the disruption of daily life caused by sleep problems and other health-related disorders. 1, 7 However, only 5% of the variance in concussionrelated attitudes was associated with sleep-arousal symptom experience (and vice versa).
There was also a weak positive correlation found between the child's experience of vestibular-somatic symptoms and parental knowledge toward concussions. This finding may indicate the bidirectionality of parental knowledge. One explanation is that increased parental knowledge causes parents to ask their kids about these symptoms, resulting in a higher symptom presence. An alternative interpretation is that children may be telling their parents about symptoms that they are experiencing, resulting in increased parental knowledge. The present study does not include a way to differentiate the mechanism driving this relationship. Another reason is that these symptoms are most often associated with a concussion, as many of these same symptoms were also assessed via the symptom checklist for knowledge. 17 However, only 3% of the variance in concussion-related knowledge was because of the experience of vestibular-somatic concussion symptoms (and vice versa). Because of the weak relationships and small effect sizes, these results should be interpreted with caution. Another potential limitation is that the total pool of parents who participated is unknown; however, all parents who attended the educational meeting participated in the survey. Future concussion education efforts should primarily focus on parents and children who have not experienced a concussive injury as well as the cognitive-sensory and the affective symptom clusters, which may not be experienced as often.
CONCLUSION
Our findings suggest that personal experience of concussion-related symptoms has little effect on parental knowledge and attitudes as a whole. However, this does not imply that clinicians should stop educational efforts. In fact, particular symptom clusters may provide insight into targets for future concussion education because of their impact on parental knowledge and attitudes. Parents of youth sport participants would benefit from increased education targeting the consequences of suffering a concussion as well as symptom clusters that do not receive as much attention, such as cognitive-sensory and affective symptoms; therefore, clinicians conducting concussion education should make these areas the primary target of discussion. Larger efforts should be made to educate parents of youth sport athletes, as they are frequently in a position to identify potential injuries, and current knowledge within this sample is low. Clinicians have the ability to expedite this need by providing targeted concussion education to parents of youth in their respective locations.
INFORMATION ABOUT YOUR CHILD/CHILDREN PLAYING THE SPORT YOU ARE HERE FOR TODAY
Child/Children's Name(s) and Team Name(s)
Child 2.
Child 3.
FIRST NAME FIRST NAME FIRST NAME LAST NAME LAST NAME LAST NAME TEAM NAME TEAM NAME TEAM NAME (continued) How many times has your child been diagnosed with a concussion? How many times has your child had a concussion as a result of sports in the past 12 months? How many times has your child been knocked unconscious? How many times has your child been knocked unconscious while playing sports in the past 12 months How many times has your child had his/her "bell rung"/"dinged"? How many times has your child had his/her "bell rung"/"dinged" while playing a sport in the past 12 months?
How many times, after a hit or a fall while playing a sport in the past 12 months, has your child experienced any of the following symptoms? Write the number in the blanks beside each question corresponding with the answer for each child. Put 0 if it has never happened. 
